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[57] ABSTRACT 

A non-acoustic pulsc-echo radar monitor is employed in the 
repetitive mode, whereby a large number of reflected pulses 
are averaged to produce a voltage that modulates an audio 
oscillator to produce a tone that corresponds to the heart 
motion. The antenna used in this monitor generally com- 
prises two flat copper foils, thus permitting the antenna to be 
housed in a substantially flat housing. The monitor converts 
the detected voltage to an audible signal with both amplitude 
modulation and Doppler effect. It further uses a dual time 
constant to reduce the effect of gross sensor-to-surface 
movement The monitor detects the movement of one or 
more internal body parts, such as the heart, lungs, arteries, 
and vocal chords, and includes a pulse generator for simul- 
taneously inputting a sequence of pulses to a transmit path 
and a grating path. The pulses transmitted along the transmit 
path drive Oh impulse, generator and provide corresponding 
transmit pulses that are applied to a transmit antenna. The 
gating path includes a range delay generator which generates 
timed gating pulses. The timed gating pulses cause the 
receive path to selectively conduct pulses reflected from the 
body parts and received by a receive antenna. The monitor 
output potential can be separated into a cardiac output 
indicative of the physical movement of the heart and a 
pulmonary output indicative of the physical movement of 
the lung. The impulse generator in the transmit path can be 
replaced with a pulsed RF generator. 

20 Claims, 12 Drawing Sheets 
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BODY MONITORING AND IMAGING 
APPARATUS AND METHOD 

This application is a Continuation-In-Part (QP) of Ser. 
No. 08/287.746. filed Aug. 9, 1994. now U.S. Pat No. 
5.573,012, issued Nov. 12, 1996. 

STATEMENT OF GOVERNMENT RIGHTS 

The United States Government has rights in this invention 
pursuant to Contract No. W-7405-ENG48 between the 
United States Department of Energy and the University of 
California for the operation of Lawrence Livermore 
National Laboratory. 

BACKGROUND OF THE INVENTION 

The present invention relates in general to the medical 
field, and more particularly to monitors and methods for 
detecting, monitoring and measuring the movement of the 
heart lungs and other body organs, tissues and members, 
and for processing corresponding bio-potential signals. 

L Stethoscopes and Acoustic Monitors 

In the field of cardio-pulmonary monitoring, it has been 
the general practice to employ microphonic voltaic, pres- 
sure or strain gauge devices to pick up the beats of the 
cardiovascular organs of a living person or animal One such 
device is the acoustic stethoscope invented in the early 
nineteenth century by Thoophile-Rene Laennec to diagnose 
chest disease in living patients, by studying the character of 
the sounds produced by damaged tissues. The Laennec 
stethoscope represented a substantial improvement over the 
hollow reed in use at that time. It is presently very com- 
monly used and has remained almost unchanged over the 
last century. 

Continuous developments are being attempted to make 
use of the advanced state of the art technology, in order to 
enhance conventional cardiopulmonary monitors. Examples 
of existing cardiopulmonary monitors and of the trend of 
their development are illustrated in the following patents, all 
of which are incorporated herein by reference: 
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U.S. Pat. No. 4,903,794 
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02-27.1990 
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Iguchi 


11-27-1990 
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02-12-1991 
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03-05-1991 
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Johnson et al. 


06-25-1991 
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U.S. Pat. No. 5,286,954 
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02-22-1994 


U.S. Pat. No. 5,295,489 


Bell et al. 


03-22-1994 
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Most of these devices operate on acoustic principles, and 
basically amplify sounds generated by the heart and lungs. & 
The Klippert et aL U.S. Pat No. 4.903,794 describes a 
stethoscope for auscultating sounds from a subject, which 
includes a curvilinear convex diaphragm and an acoustic 
chamber communicating with the diaphragm for e n hancing 
the fidelity of the received sounds. 65 

The Iguchi U.S. Pat. No. 4,972,841 describes a miniatur- 
ized electronic stethoscope designed to be used in conjunc- 



tion with a standard sphygmomanometer in the measure- 
ment of blood pressure and pulse rate simultaneously in 
which a transducer converts the Korotkoff sounds into 
electrical signals. These electrical signals are amplified and 
fed to a counter in which the detected pulse rate per unit time 
is calculated and then the result is displayed as a digital pulse 
rate. 

The Andries U.S. Pat No. 4,991.581 discloses an acoustic 
apparatus for processing acoustics, such as body sounds, for 
assessment of the sound and possible diagnosis of abnor- 
malities associated with the sound. The Grady U.S. Pat. No. 
4.997,055 illustrates a multiple channel stethoscope which 
provides the user with continuous access to physiological 
sounds. The stethoscope may enhance sound conduction by 
producing constructive interference of sound waves. 

The Phillipps U.S. Pat No. 5,003,605 shows an electroni- 
cally augmented stethoscope with timing sound, which 
simultaneously provides the listener combined unmodified, 
familiar audible sounds and sounds which have been elec- 
tronically augmented to bring them within the human audi- 
tory range. The Bredesen U.S. Pat Nos. 5.010,889 and 
5.218,969 describe a stethoscope which performs 
auscultation, and which is supposed to automatically diag- 
nose abnormalities based on body sounds. The body sounds 
are recorded from a plurality of locations on the body, 
digitized, stored in memory, and categorized according to 
specific characteristics. 

The Pfohl U.S. Pat. No. 5.010,890 describes a vital sign 
monitoring system for monitoring the vital signs of a patient 
particularly prior to and during anesthesiology, during, and 
after operational procedures. This monitoring system 
includes a sensor unit having a microphone for mounting on 
the patient* s chest for picking up breath and heart sounds, 
and can be used with an esophageal stethoscope. 

The Meyer U.S. Pat No. 5,012,820 illustrates a device for 
investigation of muscular contraction, by determining the 
change in the mechanical magnitudes during muscular 
contraction, and for correlating this change to the change in 
the electrical magnitudes of nerve and muscle during mus- 
cular contraction. Electrodes are arranged above the con- 
tracting muscle or its nerve and/or a stethoscope head, with 
a microphone arranged above the muscle. 

The Hok et at U.S. Pat No. 5,022,405 discloses a 
stethoscope for use with nuclear magnetic resonance (NMR) 
screenings in order to supervise a bell chest piece adapted to 
pick up audible heart and breathing sounds or other bodily 
sounds from the patient The stethoscope includes a micro- 
phone member adapted to be arranged at the opposite side of 
a tube outside the zone of the maximum field strength of the 
NMR equipment and adapted to convert the acoustic signals 
into corresponding signals. The Johnson et al. U.S. Pat No. 
5,025*809 relates to a method for identifying characteristic 
phonocardiography heart sounds using a recording digital 
stethoscope. 

The Phelps et al. U.S. Pat. No. 5,027,825 describes a 
self-contained stethoscope transmitter having a pickup head 
housing which defines a precordial dome for contact with a 
patient whose bodily sounds are to be observed and/or 
monitored, and electronic circuitry positioned within the 
housing for receiving the sounds, converting them into FM 
signals, and transmitting these FM signals. The Bredesen et 
aL U.S. Pat. No. 5.213.108 illustrates a visual display 
stethoscope for use in the auscultation of body sounds. The 
stethoscope is adapted for display, manipulation and analy- 
sis of the received body sounds. 

The Peart et aL U.S. Pat No. 5,288,954 illustrates a 
connector for joining one end of a rigid stethoscope ear tube 
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? ^l^ leafsp ^^ in i? c ^! bl ,f tubc ** * ****** nuclear magnetic imaging (NMD / nuclear magnetic reso- 

^w^^^T- ^l^ 11 ** ^ U S - ^N 0 - »*>« (NMR) systems. Examples of exist^Xas^ 

SI 89 desc ^ es M endotracheal tube, stethoscope and monitors and magnetic resonance imaging systems are iltas- 

ftermistor combination for allowing simultaneous patient trated in the following patents, all of which are incorporated 

ventilation, vital sounds monitoring, and body core tempera- s herein by reference: incorporated 
ture monitoring by a single instrument. 

These monitoring devices suffer from serious drawbacks. — ^ 

among which are the following: The acoustic spectrum of U-S. Pi No. Ptcaee issue Date 

these devices is low. and lies within the lower end of the u.s. ftu. No. sfloo.m owmsm 

auditory spectrum, i.c, 100 Hz or below, thus rendering the »° u.s. p* No. s*3 2,793 Ymamoto « ,0. 07-im»i 

body sounds difficult to hear Although the body organs and U.S. p»l No. 5^52(427 seoet«L 11-05-1991 

parts exhibit substantial motion, they are inherently quiet, U ? No " 5fl99,847 « aL 03.31-1992 

andAcs^genen^ thereby are quite SiEE£g£ SL«aL 

do not provide a significant acoustic signature. Conventional . 

stethoscopes and electronic stethoscopes with microphones U 

that produce amplified sounds in an earpiece, headphone or ^ H"** U.S. Pat No. 5.000 A 82 describes a cardiac 

on a visual display, and which rely on finger and surface synchronization magnetic resonance imaging device for 

contact to the microphone or bell/diaphragm, produce monitoring the cardiac cycles of a patient in an examination 

microphonic effects (i.e., noise) which could be louder than region. An imaging sequence trigger enables an image 
the body sounds to be detected, thus forcing the patients and 20 sequence controller to start an imaging sequence in an 

the attending medical staff to hold very still in a quiet room. imaging window in conjunction with the R-wave. The 

Additionally, the body sounds are not detectable through ima&ng sequence starts immediately with the R-wave such 

dothing, and the patients must inconveniently undress in me end_diastoAe sta « e of me heart is imaged, 

order to effectively use these conventional stethoscopes. The Yamamoto et al. U.S. Pat. No. 5.032.793 discloses an 

Another factor which further compounds the foregoing 25 gate** imaging apparatus in which an ultrasonic pulse 

drawbacks is that stethoscopes are used by non-professional signal is repeatedly transmitted toward the heart of a human 

users for home health care. Most of the likely users of the bod y from an ultrasonic transducer to detect the position of 

acoustic devices tend to be elderly with heart disease, and ^ heart on mc b &sk of the time of detection of a peak of 

are hard of hearing. Yet another drawback of the conven- an ec * 1 ° signal. The excitation and measurement of an NMR 
tional low cost devices relates to their use for health 30 si g naI is executed only when a peak detector generates a 

maintenance, such as in athletics and sporting events, which detection output signal having a level included in a prede- 

require continuous monitoring of the heart rate, and close termined range. 

contact with the body. One such device is the blood pressure The Seo et al. U.S. Pat No. 5,062,427 illustrates an 

monitor watch sold by Casio Company. Pressure sensing ultrasonic Doppler apparatus which includes an input device 
monitors and electrical pulse sensors must maintain tight 35 connected to a blood flow imaging device which is a color 

mechanical or electrical skin contact to function, and arc Doppler tomograph constituted by combining a sector elec- 

therefore prone to intermittent operation during intense tronic scanning type ultrasonic diagnostic device and a 

physical activity. Doppler system to derive blood flow information and tomo- 

The (^artinitski et al. U.S. Pat No. 4248.244. which is graphic image information by using a single ultrasonic 
also incorporated by reference, discloses a method and an 40 probe. 

indicator for measuring heart beat rate having electrodes for The Powers et at U.S. Pat No. 5 099 847 teaches a 

coupling to the electrical impulses corresponding to each technique for increasing the display frame rate of a medical 

beat of the heart These electrodes are connected to an ultrasound system. The system receives trigger signals based 

electronic circuit for producing a burst of alternating elec- upon the occurrence of a predetermined event inTsiibject's 

tronic signals in response to the each electrical impulse cardiac cycle, such as an R-wave. In response to these 

produced at each heart beat trigger signals, the ultrasound system acquires a series of 

Therefore, there is an evident and still unsatisfied need for frames representing a portion of the subject's body at an 

a new non-invasive, non-acoustic monitor and method for associated acquisition time. 

monitoring the wall movement of the heart, lungs and other M The Freeland U.S. Pat No. 5,152290 relates to a method 

body organs tissues or members, and for processing corre- for recording ultrasound images to diagnose heart and 

sponding bio-potential signals. The new monitor should coronary artery disease. Heart performance is evaluated by 

significantly reduce if not completely eliniinate microphonic collecting ultrasound images of at least one chamber of the 

1 ^ 1^ ° f dtt ^ ^a-body nK>ve- heart of a patient after peak exercise. The images are 
men through clothing or at some distance, without requir- 55 subsequently displayed and analyzed to determine the pres- 

ing the patients to undress. The new monitor should be ence and degrees of heart disease. CoUecting the images is 

reUUvely inexpensive, and simple to use by non- done continuously at a rate of at least eight images per heart 

professional users for home health care and in athletics and beat 

sporting events. The monitor should be adapted to replace or The Shinomur* <-t *i t r c i>»t w„ < oqc a 

? in.,..,*., a w •. Tt , , „ patient s body. In some applications, this system is supposed 

2. Ultrasound Monitors and Magnetic Resonance to replace the stethoscope. 

Ultrasound monitors have been developed to detect the « These conventional monitors are generally bulky, rela- 

posltion and movement of body organs. These monitors lively expensive to acquire, operate and maintain, techni- 

have also been used with other imaging devices, such as cally complex and cannot be operated by non-professional 



02/23/2004, EAST Version: 1.4.1 



5,766.208 

5 6 

technicians. Additionally, the ultrasound waves do not B is a further object of the present invention to provide a 

propagate well through bone, such as the ribs or sternum, or new non-acoustic monitor which is relatively inexpensive, 

thick fat layers, and further they do not propagate well and simple to use by non-professional users for home health 

through air, and could require index matching lubricant care, patient monitoring, and in athletics and sporting 

between the sensor and the chest walL Also, these monitors 5 events. 

suffer from some of the foregoing drawbacks associated it {$ another object of the present invention to provide a 

with acoustic stethoscopes. new non-acoustic monitor which is adapted to replace, or to 

Therefore, there is a great need for a new non-invasive. be used in conjunction with existing devices, to perform 

non-ultrasonic monitor and method for monitoring the wall various functions and to be used in a multitude of corre- 

movement of the heart lungs and other body organs, tissues 1° spending applications. 

and members, and for processing corresponding bio- It is yet another object of ttie present invention to provide 

potential signals. The new monitor should significantly a new non- acoustic monitor which generates a strong output 

reduce if not completely eliminate microphonic effects, and centered in the audible spectrum, 

should be capable of detecting intra-body movement ft & stmanothcr ob ject of the present invention to provide 

through clothing. The new monitor should be relatively « a new non-acoustic monitor which generates both amplitude 

inexpensive, and simple to use by non-professional users. It afld vdocity information. 

should be adapted to replace or to be used in conjunction on ^ 

with existing devices to perfcrm varies functions and to be new non-acoustic monitor which provides depth infarrnation 

used in a multitude of corresponding applications, including. u f* *T Z,. _ K,;„ rt J«„„*h 

..... . j . 4 . . .. . , -f, about the organ, tissue or structure being scanned. 

but not limited to those exemplified by the above listed 20 auwi 6 

tents It is an additional object of the present invention to 

3. Optical Imaging Technology P™?? e a new Don *?f ,c ******* ™ 

^ —y^* . . . . ^ , audible stereo image of the walls of an organ. 

Another technique for monitoring moving objects such as , . . . . 

the heart, is described in the Slump et at U.S. Pat No. „ * " another object of fee present invention to provide a 
5.040201. which is incorporated herein by reference. This 25 « ew non-mvasive non-ultrasornc monitor and method for 
patent discloses an X-ray exposure synchronization method monitoring tfie wall or tissue movement of the heart lungs 
for imaging the heart in response to periodic pulses gener- and omer body organs and members, and for processing 
ated at instances in the period at which the hazard is corresponding bio-potential signals, 
anticipated to be in a given position. The limitations of this It is also an object of the present invention to provide a 
technology should be readily apparent to those skilled in the new imaging and monitoring device and method, which can 
art Additionally, this technology is not readily available to replace existing X-ray technology, for use to monitor the 
non-professional users for everyday use. movement of intra-body organs, tissues, and other structures 

Yet another optical imaging method is described in U.S. foreign objects embedded in a human or animal body. 

Pat No. 5321,501 to Swanson et aL, which is tocorporated 35 Bis a further object of the present invention to provide a 
herein by reference. This patent generally relates to the new cardiac and pulmonary monitor which ekminates elec- 
optical imaging of a sample wherein longitudinal scanning trodes and concomitant skin conditions, 
is provided by either varying relative optical path lengths for Briefly, the above and further objects and advantages of 
an optical path leading to the sample and to a reference the present invention are realized by a new monitor for 
reflector, or by varying an optical characteristic of the output ^ detecting heart motion based on the emission and detection 
from an optical source. A transverse scanning is also dis- of very short voltage pulses. A pulse-echo radar mode is 
closed. employed in the repetitive mode, whereby a large number of 

Therefore, there is still a need for a new imaging and reflected pulses are averaged to produce a voltage that 
monitoring device which can replace, or be used in con- modulates an audio oscillator to produce a tone that corre- 
junction with existing X-ray technology and other imaging 45 sponds to the heart motion. The antenna used in this monitor 
techniques, for monitoring the movement of intra-body generaUy comprises two flat copper foils, thus permitting the 
organs, tissues, and other structures and foreign objects antenna to be housed in a substantially flat housing. The 
embedded in a human or animal body. monitor converts the detected voltage to an audible signal 

with both amplitude modulation and Doppler effect. It 
SUMMARY OF THE INVENTION ^ further uses a dual time constant to reduce the effect of gross 

Accordingly, it is an object of the present invention to sensor-to-surface movement, 
provide a sensing device which addresses the problems Another embodiment of the present invention includes an 
presented by the conventional monitoring devices, and apparatus for detecting and monitoring cardiac and respira- 
which provides adequate solutions thereto. tory motion through materials such as mattress pads. Non- 

It is another object of the present invention to provide a 55 contact operating range can be greater than 12 inches. The 
non-invasive, non-acoustic monitor and method for moni- apparatus is also based on the emission and detection of very 
toring the wall or tissue movement of the heart, lungs and short voltage pulses in a pulse-echo radar mode. A large 
other body organs and members, rather than the acoustic number of reflected pulses are averaged to produce a voltage 
signature associated with mat movement and for processing that is modulated by reflections from the heart arteries and 
corresponding bio-potential signals. 60 lungs. 

It is yet another object of the present invention to provide Due to the relative simplicity of the inventive design, the 
a new non-acoustic monitor which significantly reduces if monitors according to the present invention can be produced 
not completely eliminates microphonic effects. very inexpensively. Furthermore, the circuitry can be inte- 

It is still another object of the present invention to provide grated onto a single low cost silicon chip based on a 2 
a new non-acoustic monitor which is capable of detecting 65 micron CMOS process. The antennas in the heart and 
intra-body movement through the user's clothing, or at some respiratory monitor are formed of simple wires that may be 
distance from the body. embedded in a mat. mattress or seat back along with the 
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circuitry to provide a low cost life monitor, icto determine FIG. 6 is an exemplary circuit diagram of the monitor of 

whether the person lying on the mat or sifting on the chair FIG. 1; 

is still alive, or when that person's life signs have changed. FIG. 7 is a block diagram of a non-contact cardio 

One potential application for the foregoing feature is to pulmonary monitor according to the present invention- 
distinguish the presence of living persons or animals from s np fi . „ . . ^ * 

maniac obJccUin any envix^nTsuch a, people bS JStrfiSS ^'TJS Z^***™,* 0 "* 

under tubble or not readily visible In such^licadon, Ka g ^t ™ g ~ ^ * 

gross motion may be sensed or preferably, respiration can ft * . . 

be sensed. Respiration monitoring provides for a good . , 9 mustratcs ^ tumn « res P° nsc Plotting the 

discrimination between living persons (or animals) and 10 s * n ^ ^ved by the monitor of FIG. 7, such that the 

inanimate objects, even if the latter objects are jiggling, U ™*? ^ cardiac and pulmonary response, and 

since jiggling typically occurs on a time scale of 2 seconds W . CT T^ 1 r< ^ esents mc cardiac response with the 

or less (greater than 0.5 Hz), whereas respiration typically respiration halted; 

occurs on a time scale of longer man 2 seconds (less than 0.5 ^ a block diagram of yet another embodiment of 

Hz). Accordingly, with dual band filters, the monitor accord- 15 a monitor according to the present invention using a homo- 

ing to the present invention can mscriminate between the ^ nc curu^ 

jiggling motion of inanimate objects and the breathing and FIG. 11 is an exemplary circuit diagram 0 f the monitor of 

jiggling motion of living beings. This level of discrimination FIG. 10; 

can control anaVor be associated with the deployment of FIG. 12 is a timing graph using the inventive monitor of 

various mechanisms. Enhancements for the present monitors 20 FIG. 1 as a throat microphone, corresponding to. and iilus- 

are also foreseeable, such as by adding a high power trating the spoken words "one thousand", 

transmitter/step generator and a reflector antenna for rg. 13 is a schematic view of a pulsed RF generator, 
unproved range/sensitivity. These monitors would thus be 

useful for disaster victim detection. DETAILED DESCRIPTION OF THE 

The present monitor non-acoustically detects the 25 PREFERRED EMBODIMENTS 

inechanical movement of one or more internal body parts. The general operation of the inventive monitor is based on 

such as the heart lungs, arteries, veins, fetus heart beats, the emission of a pulse from a transmit antenna, waiting for 

vocal chords, etc., and includes a pulse generator for simul- a brief period of time, and then opening a gate connected to 

taneousry inputting a sequence of pulses to a transmit path a receive antenna to allow the reflected pulse to be sampled 

and a gating path. The pulses transmitted along the transmit 30 J* 0 ne application, where the monitor is usedas a 

path dnve an impulse generator and provide corresponding stethoscope, the waiting period corresponds to about one 

transmit pulses that are applied to a transmit antenna. inch of round trip time of flight at the speed of light in tissue. 

The gating path includes a range delay generator which In another exemplary application, where the inventive moni- 

generates timed gating pulses. The timed gating pulses cause tor is used as a non-contact cardiopulmonary monitor, the 

the receive path to selectively conduct pulses reflected from 5 waiting period corresponds to 12 inches or more of round 

the body parts and received by a receive antenna. The trip time of flight at the speed of light in free space (or in a 

monitor output potential can be separated into a cardiac combination of free space and one inch of tissue). It has been 

output indicative of the physical movement of the heart and experimentally determined that respiration can be detected 

a pulmonary output indicative of the physical movement of at a distance of 11 feet 

lun & The above process is repeated at 1 MHz, rate, allowing 

The timed gating pulses of the monitor gate a sample and approximately 10,000 receive pulses to be averaged prior to 

hold circuit along the receive path. The monitor further driving ancillary equipment, including but not limited to 

includes a dual time constant circuit whereby, for large audible or visual displays. In essence, the biopotential 

signals related to gross sensor motion relative to pulmonary 45 signals output by the inventive monitor can be processed as 

motion, there is a fast AC coupling time constant and for needed. 

normal signal levels related to heart motion there is a much The high level of averaging reduces the random noise 

slower AC coupling tune constant accompanying the sampled signal to such an extent that 

BRIEF DESCRIPTION OF THE DRAWINGS extremely low amplitude signals can be detected. Repetitive 

. . - ^ _ - .50 operation also leads to extreme simplification of the entire 

The above and other features of the present invention and circuit 

the manner of attaining them, will become apparent, and the ™. . . ... 

invention itself will be best understood, byrefaence to the f ta »,f B ^ a voto 8 e 

following description and the accompanying drawings. ?? ,d, J? £ hr r ^ e f iv, ? y " \ T $C defl f ed by ** 
wherein: ^ delay between the emitted pulse and the time of gating, or 

„ n . . . . . .. , .. si operating a sampler circuit cooperating with the receive 

ct/ TT- 1 • J. provides depth information about the organ, tissue, tissue, 

FIG. 2 is a tuning diagram of the monitor of FIG. 1; membrane or other structure being scanned 

FIG- 3 is a schematic fermentation of an antenna form- The inventive monitor is capable of sweeping, scanning 

ing part of the monitor of FIG. 1. and showing a cut-away M „ ima ^ Bg thc . Yange ^ ( . me £ m | d f 

view of a generally flat housing; and it senses reflectivity at a predetermined de^th. As the 

FIG. 4 illustrates two timing response charts plotting the heart muscle moves through the range gate, it changes the 

signals received by the monitor of FIG. 1. at two positions reflectivity within the range gate. A motion sensor based on 

in proximity to the heart; these principles is described in copending U.S. patent appli- 

FIG. 5 illustrates four timing response charts plotting the 65 cation Ser, No. 08/044,717, filed on Apr. 12, 1993, now U.S. 

signals received by the monitor of FIG. 1, and corresponding Pat No. 5361,078, by Thomas E. McEwan. entitled "Ultra- 

to signals reflected from various blood vessels; Wideband Radar Motion Sensor", which is incorporated 
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herein by reference. The gate is typically held open only for 12 are simultaneously input into the gating path 14 where 

a duration equal to the emitted pulse width. The present they pass through a range delay generate 3© followed by an 

invention also utilizes an ultra-wideband receiver described impulse generator 32, which produces a 200 ps gating pulse 

in copending U.S. patent application Ser. No. 08/044,745 for controlling a gating switch 34. 

filed Apr. 12, 1993. now U.S. Pat No. 5345,471, by Thomas 5 The range of the delay generator 36 is adjustably regu- 

B. McEwan, entitled "Ultra-Wideband Receiver", which is jatcd to control the depth sensitivity or range gate of the 

incorporated herein by reference. monitor 1. In the present example, the pulse is delayed by 

Accordingly, the invention is based on the pulse-echo about 2 ns, so that the range of the monitor 1 is about 1 inch 

radar principle of clocking the two-way time of flight of an to 2 inches in tissue. The gating pulse closes the switch 34 

electromagnetic pulse. As used herein, the term radar 10 so that reflected pulses from the range gate are input into the 

impulse refers to a short radiated pulse, which replaces the sample/hold circuit (S/H) 26 along a receive path 15. 

long sinusoidal burst used in conventional radar technology. in the preferred embodiment the S/H circuit 26 includes 

There is no specific frequency associated with impulse a capacitor 28 connected to ground. Reflections, or lack 

radar, rather, its frequency spectrum is related by the Fourier thereof, occurring 1 to 2 inches from the antenna 20 are 

transform of the impulse. 15 thereby sampled. The size of the capacitor 28 in the sample/ 

The free-space radiated impulse is a half-sine pulse about hold 26 circuit is sufficiently large mat each sample only 

200 ps wide. The antenna is typically shorter than one half partially charges it. and approximately 10.000 samples 5 are 

wavelength of the highest frequency component in the required for the circuit to reach an equilibrium with the 

voltage pulse. One of the important advantages of impulse receive antenna signal In one exemplary design, the capaci- 

radar is that the spectrum is located as low as possible, where 20 tor 28 is on the order of 100 picofarads. The product of the 

tissue attenuation is the lowest Other advantages include impedance of the receive antenna 20 and the capacitance of 

simplicity and low cost capacitor 28 yields a time constant which is much greater 

FIG. 1 thereof, illustrates a block diagram of a monitor 1. than the width of the gate pulse, so it takes many pulses to 

In this particular application, the monitor 1 is used as a charge capacitor 28. 

stethoscope. However, it should be clear mat the monitor 1 The timing relationship is shown in FIG. 2. The four 

can be used in a variety of other applications. waveforms are shown over a one pulse repetition interval 

A noise generator 9 modulates the pulse repetition fre- (PRO- A 200 ps wide impulse is radiated from the transmit 

quency / pulse repetition interval (PRF/PRI) generator 10 to antenna 18. The reflected impulse from the receive antenna 

create a FRF with a 1 MHz average and 1-10% random M 20 coincides with the gating pulse. Each received pulse 

variation about 1 MHz, i.e., a 1-10% PRF dither. The dither produces an incremental voltage change AV on me capacitor 

spreads the emission spectrum from antenna T to reduce 28 of the Sm circuit 26. The capacitor voltage is toe output 

potential interference to other spectrum users, and the dither of the averaging S/H circuit 26. The mcrement AV=1/N of 

also randomizes the samples of extraneous interfering sig- the total received pulse, whereN is the number of samples 

nals appearing at receive antenna R that are taken by the 35 averaged, typically about 10,000 It should be understood 

receive sampler 26. The received signals at antenna R are that N can assume a different value, 

sampled and averaged, where the randomized samples aver- The noise voltage at the sample/hold circuit 26 is reduced 

agetozero,substantiaUyelinunafa^ by a factor related to the square root of the number of 

sources such as RF transmitters. The desired echoes are samples averaged, 100 times in this case, and by a factor 

unaffected by the dithering since they are received at a fixed ^ related to the effective time constant of the averaging circuit 

time shortly after they are transmitted and are not affected by relative to the PRF of the system and the instantaneous 

the exact time of occurrence of the next repetition interval bandwidth of the sampler— a factor stemming from the 

Dithering provides spectrum compatibility with conven- sampled data nature of the sample/hold circuit 26. In all. 

tional RF users and allows multiple impulse monitors to be greater than 60 dB noise reduction is obtained compared to 

used in close proximity. The chance of sampling the short 45 a circuit with 2 GHz bandwidth, i.e., the bandwidth of the 

pulses emitted by other impulse systems is both random and radiated pulse. 

extremely low. and the probability of sequentially sampling The sample/hold output is applied to a voltage summation 

enough pulses from another impulse system to build up a element or summer 36, which subtracts background reflec- 

coherent detectable signal is extremely low. lions as described herein. The output of the summer 36 is 

Pulses from a 1 MHz pulse repetition frequency/interval 50 amplified by an amplifier (A) 38. typically having 60 dB 

(PRFIPRI) generator 10 are input into two parallel paths, a gain with a passband of DC to 16 Hz. A square wave 

transmit path 12 and a gating path 14. In the transmit path generator or oscillator 39 has its output multiplied, by means 

12. the PRF/PRI generator 10 drives an impulse generator of a multiplier 37, by the AC coupled amplitude of the 

16, which provides a 5V transmit pulse with a 200 ps pulse voltage from the amplifier 38, and frequency modulated by 

width that is applied to the transmit antenna (T) 18. 55 the rate of change of the signal from the amplifier 38, 

The receive antenna (R) 20 picks up the pulse reflected thereby generating a Doppler effect that is related to the 

from a sample being scanned, and applies it to a sample/hold velocity of the heart muscle motion. TTje outout of the 

(S/H) circuit 26 that is gated by a gating pulse from the amplifier 38 is fed to a band-pass filter 44 (20-5000 Hz) and 

gating path 14. The sample can be a body organ, including therefrom to a selection switch 45 for allowing the audible 

but not limited to a heart 22 behind a chest wall 24, a fetus, 60 detection of the sample movement such as the heart beat 

the ovaries, the vocal chords, a bone, a blood clot A low-pass filter 46 passes frequencies less man 20 Hz, 

(hematoma), the brain, spinal chord, muscle, prostate, thy- and is connected to the output of the amplifier 38. The rate 

rohyoid membrane, etc. For simplicity of illustration the of change is derived from a differentiation circuit 40, which, 

object will be exemplified by the heart 22. The gating pulse in a simplified design, can be formed of an RC circuit 

is delayed by approximately 2 ns from the time that the 65 comprising a capacitor 40C, typically on the order of 1 

transmit antenna 18 radiates the pulse. Pulses from the microfarad, and a shunt resistor 40R, typically on the order 

PRF/PRI generator 10 which are input into the transmit path of 10 Kohms. A low pass filter 41 is used to attenuate the 
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resulting harmonics at the output of the multiplier 37. in particular example, the width W of the circuit board 55 is 

order to produce a pleasing audible tone via the earphone. about 2 inches, and its length L is about 4 inches The 

loudspeaker or headphone 42. antennas 18, 20 are housed in a generally flat and thin 

While the bio-potential signals at the output of the ampli- housing 55H having a thickness D of about 0.75 inches, 

fier 38. and the multiplier 37 are illustrated as input to the 5 An electromagnetic field is developed between the ground 

band-pass filter 44 and the low-pass filter 41 and headphone P^ Anc board 55B and the antennas 18. 20. to form a broad- 

42. respectively, it should be clear that these bio-potential monopole which couples well with a high dielectric 

signals can be alternatively, or simultaneously connected to constant m a t e ri al, such as the chest The antennas 18. 20 are 

a computer or other devices or systems 43. including, but not intended for close range monitoring, and are sized for the 

limited to a visual display, for providing visual indications 10 Pf*?*^ 011 ° f mc WaVCS wimin * c ***** whicn has a 

and / or to drive, or work in conjunction with these devices didcctric constant than air. As a result, in designing 

or systems. If a visual display were used, such a display * ? ^f!? m °'? it0r h * C slowcr 

would include an arrangement of light emitting diodes ECSf? 1 yeloa *? f * c electromagnetic waves through 

(LED* s) that sequential^ light in proportion to the appM **J^^ r ^t*T 15 **» To 

voltage, whichT^^ u effect the propagation imr*dance in free space Z o( space) is: 

of the pulse reflected from the heart 22. x| 

The square wave generator 39 responds perceptibly at a Z * space) = ^ ^ ■ 
level corresponding to approximately 1 microvolt appearing 

at the receive antenna 20. Since systematic errors in the where u,, is the permeability of vacuum and e is the 

sample/hold circuit 26, the summer 36, and the amplifier 38 20 permittivity of vacuum. The propagation impedance in a 

may amount to several tens of millivolts, this error must be material (such as muscle or body tissue) having cj=40 is: 
subtracted out in order to detect small changes, such as a 1 

microvolt change caused by a small artery. In addition, ^muscle) ^^y^ = z«m**yTZr 

surface reflections from the chest wall 24 contribute to the w • 

error voltage that must be subtracted. 25 

For this purpose, an integrator 48 in the feedback path 50 Muscle propagation impedance is 60 ohms and the propa- 

of the amplifier 38 servo's the output of the amplifier 38 gation impedance of blood (e^=60) is 49 ohms. This differ- 

until an equilibrium is reached, such that the output of the encc . m hnpedance causes a difference in the reflection 

amplifier 38 is forced to equal a reference voltage applied to magnitude between the heart muscle and its blood, 

the integrator 48. Since integrators have extremely high DC 30 10 a . 000 ^hmensional analogy to propagation along a 

gain, the voltage difference between the output of the transmission line, which can be equated to time domain 

amplifier 38 and the reference voltage is reduced to a reflectomctry (TOR), reflections off the heart muscle 

negligible value. become equivalent to reflections from a transmission line 

THe integrator 48 in the feedback path 56 of the amplifier „ W^fZ^f^ L^^** ^ 

38 is equivalent to a differentiator in its forward path/i.e.. it 35 /(Y+1) * ha ? Y«Z(heartV2(bk>o<i). can be applied to deter- 
makes the amplifier behave as if it were AC coupled. The mme T^i fr f t,on of ** radlatcd P" lsc * returned- For 
advantage of using the integrator 48 is that it supplies the exam P le - mc «" «r=40. has a reflection 

monitor bias current, subtracts errors in the amplifler38. and T °"f*rdativc t0 blooA - I*"- * e ^cr^ncc in 
permits the simple implementation of a dual time constant w bcm^J^^^b betWeen the P resCDCe of 

^^Zr™ °, * e , a ^ 1 t fier/lntegra,0r MiS 40 one p^uticular application, if a metallic object, such as 
such that for large signals related to gross sensor motion a pacemaker lead 2aLfshown in a dashed line to PIG V> 

^IT^ Tr? ,0 ^ 22V (shown in a dashed line in FIG. 1) were used^en Ae 

S?™^ f Sl ^ AC 8 *"* COnSUmt « "»«tfon would be very high, such as 1.0 for a mVtal object 

r f0r / al ") fUl ^ m ° ti0Q - ^ because metal is easu^discerned from bo£ ^andS 

Sf!lT^^S^ W * ,cM several times its reflection n^agnitude.^Tfte^e^ 
S^Ti?^£JS • * Z £ " "T 51R ; • ™<* smaller erosion, as may be ^ 

2^S!5i« « "» 5 «»«*e««torf lmegaohm.and ^ mc ^ ^ ft is sm ^ 4i80(raed £ as 

^^ S52S3MCTO ^ n ^ UtCrtyped, ° deSSUchaS *> long as the polarization of the wire and the moniStenna 

. L . „ .„ M . match— which is generally the case for the lead 22L. and for 

While not graphically illustrated, it should be understood a vertical orientation of the monitor 1 

that a suitable toear translation stage or other mechanism The present invention overcomes a serious limitation 

can be connected to the monitor 1 in order to move it either stemining from a variable reflection magnitude from the first 

transversely or laterally relative to the sample (Le.. heart 22) 55 surface of the chest wall 24. The problem of varyinc first 

to provide a two-dimensional or a miJlti-dimensional scan- surface reflection magnitude is caused by radiating a pulse 

fling. A similar mechanism may be provided to move the that contains either post-shoot or ringing— a common effect 

monitor 1 in die other transverse or lateral direction to when radiating pulses through an antenna. What radiates 

provide mulu-dimensional scanning of the sample. later in time falls into the sampler's gate when reflected off 

FIG. 3 depicts the geometry of the antennas 18, 20. As 60 objects or tissue closer than the intended range gate 54 i e 

shown schematically in top view, the transmit antenna <T) 18 there is a displaced range gate. Accordingly, ringing com- 

and the receive antenna (R) 20 are illustrated as generally ponents reflect off the front surface of the chest wall 24 and 

rectangularly shaped patch antennas, made of copper foils. fold into the reflections from the heart 22 in simultaneity 

and having a side dimension ranging between 114 to 1 inch. Indeed, these front surface reflections can exceed the desired 

These antennas 18, 20 are formed on a dielectric holding 65 reflections. 

substrate 55A of a circuit board 55, and are connected to a The solution to this problem is accomplished by radiating 

metal, such as copper, ground plane board 55B. In this a particular waveform with half-sine shape and no ringing. 
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Thus in the preferred embodiment the monitor 1 emits a used, connected to, or processed by various equipment 

pulse having the desired waveform. This can be accom- and/or instruments, such as the hj^one42(HG. l).In a 

plished by the proper design of the transmit antenna 18, preferred embodiment Il=74HO04. B=TLC274. Further, 

where the dinnste are short relative to a V. wavelength the ^opagating pulse wul easdy radiate across an air ■„ or 

a * au,«*~ Koif c;«^ «..ic* -5 material (such as muscle, blood, etc.) of several inches, 

as defined by the half-sine pulse. 5 v ^ . to m ^p^. 

Ifmewaveformcontam^ ^5 7# to rS additional gain to the ampler 

from a clean half-sme-shaped impulse, the response of the ^ ^ ^it 70 includes an operational 

heart muscle moving through the range gate 54 would Ma n is connected to the output of the 

include multiple pulses, effectively multiplying the per- Jam* 38 via a resistor 72. and which is shunted by a 

ceived heart rate. Accordingly, the transmit antenna 18 and 10 73 a resistor 74 connected in parallel, 

the receive antenna 20 must not ring so both are resistively output of the amplifier 71 is connected to a threshold 

terminated and bom are less than Vi wavelength in dimen- detector network 75, for detecting whether the monitor 

si on. output level exceeds predetermined upper and lower thresh- 

FIG. 4 illustratcs-two timing response charts plotting the 0 j d i CV els. The threshold detector network 75 generally 

signals received by the monitor 1 of FIG. 1 , at two positions 15 comprises two comparators or operational amplifiers 76, 77 

in proximity to the heart FIG. 5 illustrates three riming (D=TLC274) whose outputs are combined, via two diodes 

response charts plotting the signals received by the monitor 78, 79 and a resistor 80, to a switch 81 (Q3). In operation, 

1. and corresponding to signals reflected from the left carotid if either one of the upper or lower threshold levels is 

artery, the left wrist and the left axillary artery. exceeded, the corresponding operational amplifier 76 or 77 

The timing of the range gate can be alternated between 20 drives the switch 81 into a conductive state. The output of 

two range gates 54 and 54A (partially shown in a dashed line the switch 81 can then be used to drive an alarm or any other 

in FIG. 1). The corresponding detection voltage can be appropriate circuit. For instance, it the monitor were used in 

stored on two separate S/H circuits, as illustrated in the conjunction with, or as part of a pacemaker, the output of the 

above referenced patent application entitled "Ultra- switch 81 is sensed, via an appropriate resistor 82 to provide 

Wideband Radar Motion Sensor". 25 a desired indication, such as activity detect, in order to 

The operation of the second range gate 54A is similar to initiate or inhibit pacing. The sensitivity of the threshold 

that of the first range gate 54, and each range gate 54, 54A detector network 75 can be regulated by a potentiometer 84 

can be independently controlled and set As a result the so as to control the amplitude of the signal applied to the 

reflectivity from the independent range gates 54 and 54A can operational amplifiers 76, 77. 

be processed independently or in conjunction with each 30 A voltage rectifier network 86 is connected to the FRF/ 

other. For instance, if the first range gate 54 were set to PRI generator 10 to supply -3 volts to various components 

detect the front wall 22F of the heart 22, and the second of the monitor, such as the amplifier 71. The voltage rectifier 

range gate 54A were set to detect the rear wall 22R of the network 86 generally includes two parallel inverters (11) 87, 

heart 22. then significant and valuable information can be 88 for supplying a 0-5V square wave voltage. Two diodes 

collected relating to the contraction and expansion cycle and 35 89, 90 are connected to the output of the inverters 87, 88. via 

condition of the heart 22. a capacitor 91. A shunt capacitor 92 is connected to the diode 

The use of dual range gates 54 and 54A results in a 90, such mat the voltage rectifier network 86 rectifies and 
"stereo" effect which perceptively places the listener level shifts the square wave voltage, in order to generate a 
between the front and rear walls of the heart 22. It should be -3V steady output voltage. An output resistor 93 is con- 
understood that additional range gates can be used according 40 nected to the output of me anu^lification circuit 70 to |W-event 
to the same inventive principle described above. excessive current drain. It should be noted that the values of 

FIG. 6 shows a prototype embodiment of the monitor 1. many of the components shown in the circuit diagrams of 

The 2 MHz PRF/PRH generator 10 and the noise generator FIGS. 6 and 11 are identified in the above U.S. patent 

9 are collectively formed of two inverters (H) 60, 61 applications Set Nos. 08/044,7 17 and 08/044,745, now U.S. 

connected in series; a capacitor 62 is connected between the 45 Pat Nos. 5361,070 and 5345.471. 

output of the inverter 61 and the input of the inverter 60; and FIG. 7 illustrates another monitor 100, which operates in 

a shunt resistor 63 connected between the output and input a generally sirnilar way to the monitor 1 of FIG. 1. but has 

of the inverter 60. The PRF/PRI generator 10 is followed by been modified for remotely detecting heart and respiratory 

a buffer comprising an inverter (11) 64, and a pulse width motion through materials such as a mattress pad, a chair 

limiter 65 comprised of a capacitor 66 and a shunt resistor 50 back. etc. The antennas of the monitor 100 have been 

67. The pulses pass to the impulse generator 16 formed of a modified to permit greater scanning range. The audible 

transistor Q1=BFW92. whose collector is connected to the output has been deleted; however, one skilled in the art can 

transmit antenna 18 through resistance R r The pulses from optionally add mis feature. A range control is provided, and 

the PRF/PRI generator 10 also follow a second path through can be set to detect respiration at a distance of about 6 feet 

the range delay generator 30. which is formed of a variable 55 Identical numeral references in FIGS. 1 and 7 refer to 

resistance R x . a stray capacitance and input capacitance of identical components having identical functions, 

a buffer gate (11)68. The delayed pulse is input through The general operation of the monitor 100 is also based on 

another pulse width limiter 65A into impulse generator 32, the emission of a pulse from a transmit antenna, waiting for 

formed of another transistor Q2=BFW92, which produces a brief period of time, and then opening a gate connected to 

the gating pulse. 60 a receive antenna to allow the reflected pulse to be sampled. 

The reflected signals are picked up by the receive antenna However, in the particular application where the monitor is 

20 and input into S/H circuit capacitor 28 which is gated by used as a non-contact cardiopulmonary monitor, the waiting 

the gating pulse through a Schottky diode D1=MBD701. period corresponds to 12 inches or more of round trip time 

The output from the S/H circuit 26 is input into amplifier of flight at the speed of light in free space (or in a combi- 

(12) 38. The input 36 of the amplifier 38 serves as the 65 nation of free space and one inch of tissue), 

summer for the S/H circuit 26 output The output of ampli- In the transmit path 112. the PRF/PRI generator 10 drives 

fier 38 represents the measured Wo-potential, and can be an impulse generator 116, which provides a 5V 200 ps wide 
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hatf-^^smitpulse : thatis applied to a transmit antenna bandpass filter 141 and the pulmonary bandpass filter 142 

CD 118. The dectneal length of the transmit antenna 118 is (FIG. 7) selectively filter thTsignal at theWtouTof the 

set to be short relative to the spectral content of the half-sine amplifier 38 in order to separate all identify the ^bnonarv 

to avoid ringing. motion from the heart motion. Typically, die cardiac rate 

A receive antenna (R) 120 picks up the pulse reflected 5 ranges between 40 beats or less per minute to 180 beats per 

from a body organ, such as a lung 122 (with front and rear minute, while the breathing rate ranges between 2 or more 

walls 122F and 122R. respectively) and a heart 22 behind a to 20 breaths per minute. It should however be understood 

chest wall, or object such as a chair 124. and applies it to a that other ranges can be selected depending on the desired 

sample/hold (S/H) circuit 26 that is gated by a gating pulse applications. The circuit diagram of the monitor 100 is 

from a gating path 114. The gating pulse is delayed by 10 basicall y *>muar to the circuit diagram of the monitor 1. 

approximately 3 nanoseconds from the time that the transmit illustrated in FIG. 6. such that the monitor output, at the 

antenna 118 radiates the pulse. Therefore, reflections occur- ou ^ )ut of the amplifier 38 is connected to the two bandpass 

ring at about 12 inches from the antennas 118 and 120 are fdt "!. 1 ^ 1 I f fld 142 

thereby sampled. Pulses from the PRF/FRI generator 10 , . " 9 lUustrates two timing response charts (A) and (B) 

which are input into the transmit path 112 are simulta- 15 P i^°^ e rigMls reccived *V me monitor 100. The upper 

neously input into the gating path 114 where they pass (A) re P"? e, * s 8 combined cardiac and pulmonary 

through an range delay generator 130 Mowed bv a imnulse response. a™™ 8 * m ! a chart (B) represents the cardiac 

generator 132 .wmch^cTa^ StirTS we^o^^&°^^ e ^ fW ^ C ^ 

mustrated m FIG. 2 dso apply to the monitor 100. 20 voltage or biopotential at the oulpTcf toe 38 

In the receive path 115. the output of the summation fto in Hi»«, m ~* !U . , 

element 36 is amplified by the amplMer 38. typically 70 dB , n^'J, V W10thcr ^ nbodmKOt of 

across a passbZ of 0.05^10 hTL appUed^^y. to I '£ K SLS"*?"* 

cardiac and pulmooa^ bandpass anX res^ec- ^^^^^^^ 

120 fonmng part of the monitor 100 of FIG. 7. and showing The monitor 200 generally includes an AC courted amoli- 

ThTa^LTt^l^ 1S5 "- fi « » the receiver 8 pam that prevent kTSSTSS, 

^1Zl i^^^^L7^t al T natiV - ly me ^ ^ hold St ,0 Z 

Tr^nlln^ZflZT u 30 monitor output. This AC coupledamplifier niters out the DC 

r^TnL^lLl "fT PIT 2 m " bUt 00B,d bias level shifts in the S/H drcuitT An AC modulation^ 

*J°° g £- V^TFZF* , elCdr T^ WaV " ^esed «P«. the transmitter pulses, and toXc" mcl 

wtttja the 2 GHz band ,n compliance with FCC require- lation is then synchronously rectified inT nX 

The antenna by itself is self sufficient and does not need 35 ^^T^r**** ^ "* * ** ^ 

?„!Tf^ ? d 8180 ^ Changin8 cffective and detection with a continuouf w««£> SfS 

^af^S T nte - m M ^ aelemCntS i 18 - 40 receive amplifier then operates with a passiand cSed on 
. , "^^ d "!* van ? us i^e 5 along their the CW signal and is AuTaC coupled After anSatiot 

half the full extended length of the antenna elements 118, th* mnn.w <>aa :^„a u ^ 

120 far pediatric use lllc monitor 200 includes a homodyne oscillator 202 

120 are made to be non-nngmg by resistively terminating order of several kHz ^da zero average. 

TO rSSmSSrS *^5F^'» a T*t , Z ^ ^ from "omo<ryne oscluator 202 and me 

Th^ «!^^J^TL-i t ei J( 55 206 where the homodyne oscillator 202 amplitude modu- 

de^V«SX 8 eSo^ M ^ ^ alabC ^esthe step signal generated by the impul^enerator 206. 

y Wmg cquaaons - m effect turning the impulse generator ON and OFF at the 

[ desired homodyne frequency, which in this example is 2 

"y t B»^rim kHz. Therefore, the signal output by the impulse generator 

J «o 200 and transmitted by the transmit antenna 218. includes 

k , a ■ . ^ periodic packets of pulses having a frequency of 2 kHz. such 

^fiZr ls * e ^^°; U ^ d -<^*e«uelectncc<mstaiit that each pulse typically comprises bursts (such as 1,000 

of ite tissue. The timmg of die range gate 54 can be swept pulses) at a frequency of 2 MHzVwith a 0.5 mmisecond burst 

over a set of ranges to broaden me effective response range. interval 

2Sf. C m ri^ a ^ i rang , e ?A 0pd T ed ,^ 65 AS * e P" 1 ^ 5 ^e transmitted over the transmit antenna 

cardiorxilmonary detection holds from 0 to 12 inches, and 218. they are reflected off the walls of a moving object, 

pulmonary detection holds from 0 to 18 inches. The cardiac which in the present example is a heart (or lung* 22 ror 
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reception by the receive antenna 22ft. The signals reflected The DC coupled amplifier 38 includes two MC14069UB 

off the heart 22 are formed of a sequence of periodic pulses, inverters by Motorola used in the linear mode as amplifiers, 

corresponding to the transmitted packets, and having a Similarly, the integrator 48 includes an MC14069UB 

frequency of 2 kHz. At the receive antenna 220, the arapli- inverter. The output of the DC amplifier is processed as 

tude of the 2 kHz envelope is related to the reflection from 5 desired While the circuits of the disclosed embodiments 

the heart 22. have been described in term of discrete components for 

In one embodiment of the present monitor 200. it is simplicily and clarity purpose, these circuits can alterna- 

de sired to reference the 2 kHz envelope to a predetermined tively be miniaturized by integrating these components on 

reference level from the integrator 48, thus allowing the an i Dtegratw j ^0^1 C r chip. 

monitor 200 to basically operate similarly to the monitors 1. {Q ^ ^^ors ^ 100 and 200 can also be used as micro- 

100. For this purpose, a receiver sample and hold circuit 26 . es ^ scyeral applications . For example, FIG. 12 is a 

averages the 2 MHz bursts (pulses over a penodof about . whkh mustratcs me use of the inventive 

0.1 mMsecond, so that only the 2 mz hor^^e^u ency mo JJ^ & M and which corresponds to. 

remains on the sample and hoU capaa or 28. The J«>modyne dispiayTrnVspoken words "one thousand". 

means of a synchronous rentier 230A. ^o be adapted for use as throat microphones. In operation 

The syDchronous rectifier 230A includes a capacitor 230C the throat microphone is posiUoned over the region of the 

and a rectifier switch 230S. The rectifier switch 230S Adam's apple or in close proximity thereto in order to 

includes a saturated transistor, and die capacitor 230C. is monitor and measure the movement of the vocal chords. In 

typically on the order of 0.01 microfarad and is used to hold 20 one design of the throat microphone, the amplifier 38 of FIG. 

the value of voltage at the output side of rectifier switch or 1 has a bandwidth range of 20 Hz to 3 KHz. and the monitor 

transistor 230S. when the latter is driven into conduction by output can be used without a voltage controlled oscillator in 

the homodyne oscillator 202. order to provide audible sounds. 

The advantage of the AC amplifier 229 is mat the monitor Another exemplary application of the throat microphone 

DC bias levels, i.e., the DC bias levels at the sample and hold 25 is the identification of lesions or other abnormalities in the 

circuit 26 are not allowed to pass through (i.c, filtered out). vocal chords region, by acoustically exciting such region. 

These DC bias levels vary with the power supply fluctua- An acoustic excitation is applied from the mouth toward the 

Uons and with materials brought into near proximity to the throat and the present throat microphone is used to record 

receive antenna 220. The rectified DC level at the output of the resulting response. A lesion or abnormality would pro- 

the synchronous rectifier 230A represents the reflected 30 duce an abnormal resonance which would be detected and 

pulses from the heart 22, and the subsequent operation of the measured by the throat microphone. Similarly, the ear drums 

monitor 200 is similar to that of the monitors 1 and 100. can be excited and the corresponding vibration response 

In operation, the rectifier switch 230S closes during one detected by the microphone and recorded for various diag- 

half of the homodyne oscillator cyde, and charges the nostic purposes. 

capacitor 230C during this half cycle. During the coraple- 35 The present monitor/microphone can alternatively be 

mentary (Le.. remaining) half cycle of the homodyne oscil- used in conjunction with mechanical or acoustic stimulation 

lator cycle the switch 230S is open, and the rectifier 230A sources. For instance, if an acoustic beam is focused on an 

does not detect the signals from the homodyne oscillator tumorous area, the tumor could resonate at a predetermined 

202. As a result the average signal applied to the capacitor frequency characteristic of its particular nature. The 

230C represents the peak amplitude of the signal (square 40 monitor/microphone can detect the resonance movement 

wave) at the output of the AC coupled amplifier 229. thereby and help identify the tumor type and location. Additionally, 

generating a DC voltage which corresponds to the reflection the present monitor/microphone can be used to determine 

signal from the heart 22 and not from the DC voltage from bone conduction. An acoustic or mechanical stimulation 

the sample and hold circuit 26. source is impressed at one end of the bone of interest and 

The DC voltage developed on the capacitor 230C repre- 45 the monitor/microphone is positioned at various sites along 

sents the summation of the desired signals reflected from the the length of the bone, for measuring and detecting the 

heart 22, as well as undesirable reflections from various propagation of stimulus by the bone. Cracks or similar 

sources including the monitor housing and direct antenna- abnormalities could produce anomalous or irregular sounds 

to-antenna coupling. The output of the DC coupled amplifier or indications. 

38 is caused to be equal to DC Reference voltage. 50 The inventive monitor/microphone can be used to listen to 

FIG. 11 is an exemplary circuit diagram of the monitor the internal sounds of the lungs, for detecting abnormal 

200 of FIG. 10. The monitor includes a homodyne oscillator murmurs, or other movements characteristic of symptoms 

202, which typically comprises two CMOS inverters 150, associated with particular diseases or illnesses. The monitor/ 

15l! The outputs of the homodyne oscillator 202 are con- microphone can also be used to identify a fracture in an 

nected to the impulse generator 206 and the synchronous 55 implanted metallic heart valve or other similar objects. For 

rectifier 230A. example, the monitor/microphone is capable of identifying 

The receive path of the circuit of the monitor 200 is fractures in a mechanical heart valve by detecting changes in 

generally similar to that of the monitors 1 and 100, and the radar reflectivity (i.e., radar cross section or RCS) of the 

includes the AC coupled amplifier 229 and the synchronous valve as the defect or crack generates an intermittent elec- 
rectifier 230 A. The AC coupled amplifier 229 is connected 60 trical contact. 

between the averaging sample and hold circuit 26 and the In an alternative emrxxlirnent the impulse generator 16 of 

synchronous rectifier 230A which is connected to the sum- FIGS. 1 and 6, 116 of FIG. 7, and 206 of FIGS. 10 and 11, 
mer 36. The AC coupled amplifier 229 includes two can be replaced with a pulsed RF generator as shown in FIG. 
MC14069UB CMOS inverters by Motorola, used in a linear 13. The rest of the circuits/systems remains the same. The 
mode as amplifiers. The synchronous rectifier 230A includes 65 pulsed RF generator thus produces the transmit pulses which 
a bipolar transistor, e.g. 2N2222 by National Semiconductor. are applied to the transmit antenna. The pulsed RF generator 
that is turned ON or OFF by the homodyne oscillator 202. produces an emission spectrum with a center frequency that 
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1S , su ^?L t0 of .* c impulse generator. However, the (h) a signal processor connected to said sanmline receiver 
pulsed RF spectrum is narrower since it is based on several for detecting changes in the averaged sampled signal 

in FIG. 6 (and also FIG. 11) is reconfigured from a high- / . tJ . „ 

speed saturated switch to a Colpitis oscillator 95. At high RF wherein said signal processor includes means for produc- 

frequencies, such as 2 GHz, the parasitic capacitance of ing non - acoustic indications of the movement of the 

transistor Ql forms part of the oscillator circuit, particularly heart 

the base-emitter capacitance. In operation, Ql is driven ON 10 ^* ^ nc n* 00 ^ 0 * of claim 2. for detecting movement of a 

during the negative transition of the logic inverter 64. which luD S ; 

forces a negative bias at the emitter of Ql. biasing Ql ON wherein said signal processor includes means for produc- 

and into oscillation. Topically, the RC coupling network 66, ing non-acoustic indications of the movement of the 

67 has a several nanosecond time constant so bias to Ql lung. 

subsides in a few nanoseconds. At 2 GHz, about 4 cycles of 13 4. The monitor of claim 2. for detecting movement of both 

RF can be generated in 2 nanoseconds. a heart and a lung; 

Th ll 0r , e8 ° iDg of * e * vcntion . *** been wherein the output signal corresponds to the physical 

presented for purposes of illustration and description. It is movement of the heart and lungTand 

not intended to be exhaustive or to limit the invention to the . . . . , J 

precise farms described, and many other modifications are *> ^ZZ Z ^ „ Z *T 

possible in light of the above teaching. r ^?* e ° ut P ut ^ "to «ca«Uac output indicative 

Some exemplary applications include but are not limited " ^^f^f^ • 

tn . /iv „^^ZS\ZL Ti^,, *u % jt TT output indicative of the physical movement of the lung, 

to: (1) pacemakers, whereby the monitors and variations c n.T^«.w ^„i„-«. I • *»_ . 

thereof are implanted to sense the heart wall movement and J^Tw^f^T t wbaaB *' "f™ 

are used as.Tin conjunction wim conventional pacemaking * SSiSSS^ ^ * "** 

^^J^t^^X^T^ ? ) J^°^ «• The monitor ofVuim 4. wherein the separating means 
(4) fetal monitor equipment; (5) detector of objects lodged mm «rj CMa i« ft ^ M fiu„f w ™. +: lT ItI u ^ UMa 

inside the body; (6) sudden^ant dead, syndrome (Sm7(7) &S?££S?£ZF ^ ^ ^ 
electrocardiography (EKG); (8) echocardiography; (9) 7-Xhc 

monitor of claim 1. wherein said samoline receiver 
muging. measuring and scanning monitors and methods. » cota ^ sci a SUB ^ t ^ hold circuil mat Tr ah | b sai " 

whereby the monitors can be used as substitutes for. or in gating pulses frZ said gating path * 

ZZTZ^™^ f ^•'^ SUCh V Ul,raSOU,,d 8 I^c monitor of claim 7. wherein said range delay 

devices. NMR. NML etc., for imaging various organs, • tM „ ^. . " w ™ "^r 

^ , i j t . .^"^T *v T 1 ^ generator produces a gating pulse which is delayed bv 

members or tissues, including but not limited to the uterus. ; , ~ . £ . " . . ^ v * 

. ..5 i *u*i«u*a uxc uiciua, approximately 2 nanoseconds (2 ns) from the time that said 

fetus, ovaries, bones, blood clots, brain, spinal chord. 35 #™™.* # * ' , ~* 

. _ . ' ^ v " u,u ' transmit antenna radiates a transmit nulse: and 

muscles, prostate, thyrohyoid membrane, etc.; (10) bone , _ . . , H ' 41110 

fracture screening monitors; (11) enhancement to mammog- comprising an impulse generator connected 

raphy; (12) internal guiding or scanning devices to be *f ^ ge^«r and the sample and 

inserted inside tubular or other structures such as blood hol . d cm ^ wm( * P™***™ « 200 ps gating pulse for 

vessels, the bronchial tree of the lungs, the gastrointestinal 40 a Said sam ? lc , and ^ drcuiL 

tract, the genital tract, or the urinary tract using an 9 * 1116 raoait0r of cimm ^ wherein said ran 8 c 

angioscope. endoscope or catheter generator comprises an adjustable fixed delay so mat the 

I claim* timed gating pulses determine the range gating of the 

1. A monitor for detecting the movement of one or more °" c OT mo ? ^ 

body parts, comprising; 45 10 The monitor of claim 9, wherein said sampling 

(a) a first pulse generator for producing and simulta- ^^^^ £ "9* hold circuit diat is gated by 
neously inputting a sequence of pulse! to a u^Trnlt ^ ^ ^ **** ^ 1111(1 

path and a gating path; wherein said sample and hold circuit samples the pulses 

(b) a pulsed RF generator connected to said first pulse ^ 0Dg path at least 1000 times and pro- 
generator for producing corresponding transmit puhesi 50 du £? " " aas * . s "? >le w «* a P 6 ^ value 

(c) a T m.Lenna 6 conJ£ ^said pulse^ i^T^^T^^^^ 

,~ . | * . ^ ^ . sample and hold circuit which subtracts background 

(d) a range delay generator connected to said first pulse 55 reflections, and an amplifier connected to the summation 
generator for generating timed gating pulses; element for amplifying the output of said summation ele- 

(e) a receive antenna; ment 

(f) a sampling receiver connected to said receive antenna 12. The monitor of claim 11, further comprising an audio 
in a receive path; oscillator which has its output multiplied by the output from 

(g) said range delay generator being connected to said 60 said amplifier, and 

sampling receiver and producing timed gating pulses at wherein the output of said audio oscillator is frequency 
a fixed range corresponding to the location of the one modulated by the rate of change of the signal from said 

or more body parts so that said timed gating pulses amplifier for generating a Doppler effect that is related 

cause said sampling receiver to selectively sample to the velocity of the movement of said body parts, 

pulses reflected from the one or more body parts and 65 13. The monitor of claim 11 further comprising a diffcr- 
received by said receive antenna to produce an aver- entiation circuit connected to said amplifier for deriving the 
aged sampled signal; rate of change of the signal from said amplifier. 
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14. The monitor of claim 11, wherein said signal proces- 
sor further includes a feedback path comprising an integrator 
which servo's the output of said amplifier until an equilib- 
rium is reached, such that the output of said amplifier is 
forced to equal a reference voltage applied to said integrator. 

15. The monitor of claim 1. further comprising a homo- 
dyne oscillator connected to the pulsed RF generator which 
generates homodyne signals to modulate the transmit pulses, 
and a demodulator connected to the sampling receiver and to 
the homodyne oscillator to remove said modulation from the 
sampled reflected pulses. 

16. The monitor of claim 15, wherein said homodyne 
signals are fed to said pulsed RF generator for selectively 
switching ON and OFF said pulsed RF generator at a 
predetermined frequency. 

17. The monitor of claim 15 wherein said demodulator 
comprises a synchronous rectifier. 

18. The monitor of claim 1 for detecting movement of the 
vocal chords wherein the signal processor includes means 
for passing output signals in a bandwidth range of about 20 
Hz-3 KHz. 

19. Method for monitoring the movement of one or more 
internal body parts, comprising: 

(a) simultaneously inputting a sequence of pulses to a 
transmit path and a gating path; 



(b) producing a burst of RF transmit pulses in said 
transmit path from said input sequence of pulse and 
launching said RF transmit pulses toward the one or 
more internal body parts; 
5 (c) generating timed gating pulses in said gating path from 
said input sequence of pulses, said gating pulses defin- 
ing a fixed range gate at the position of the one or more 
body parts; 

10 (d) selectively receiving pulses reflected from the one or 
more body parts by receiving reflected signals coinci- 
dent with the timed gating pulses; 

(e) sampling and storing said selected reflected pulses to 
is produce an averaged sampled signal; 

(f) detecting changes in the averaged sampled signal to 
detect movement of the one or more body parts. 

20. The method of claim 19 further comprising directing 
20 said RF transmit pulses towards any of the heart lungs, and 
vocal chords; selecting said fixed range gate to receive 
signals reflected therefrom; and producing an output signal 
indicative of movement thereof. 
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